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Abstract
The current worldwide incidence of viral haemorrhagic fevers caused by arenaviruses is brieﬂy reviewed. The recently published Assess-
ment Report of the Intergovernmental Panel on Climate Change has described the changes in global climate that are expected to occur
over the course of the present century and beyond. Climate modelling and forecasting have not yet reached the stage where conﬁdent
predictions of regional changes at the level of a virus endemic area can be made. However, in the regions where pathogenic arenavirus-
es now circulate, signiﬁcant effects are likely to include increases in surface temperature, changes in the extent and distribution of rain-
fall, the occurrence of extreme weather events, glacier retreat, and coastal ﬂooding as a result of sea level rise. The possible impact of
these changes on the geographical location and the incidence of arenavirus diseases and its human impact are discussed.
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Introduction
The Arenaviridae [1] are a family of 22 enveloped viruses with
bisegmented RNA genomes of approximately 10 kb in total
length. Each of these RNA segments encodes two viral pro-
teins in an ambisense arrangement. Their principal hosts are
members of the mammalian Order Rodentia. In terms of human
health, they constitute an important family because six of these
viruses infect humans and can cause serious and frequently fatal
haemorrhagic fevers. With the exception of the type species
Lymphocytic choriomeningitis virus, which is widely distributed in
Europe, Asia and the Americas, each individual arenavirus spe-
cies is found in a relatively localized area in Africa or in North
or South America. The purposes of this review are to outline
the general features of the arenaviruses and to consider how
currently predicted global climate changes might change the
geographic distribution and human impact of these dangerous
viral pathogens during the 21st century.
Natural History of Arenaviruses
The arenaviruses are principally viruses of rodents of the
family Muridae. Each virus is associated primarily with a single
rodent species (the reservoir species), although, in several
cases, infected animals of another species have been
detected from time to time. Viruses are spread among popu-
lations through excretion in body ﬂuids, and vertical trans-
mission from mother to offspring also contributes to
maintaining infection. Although we have insufﬁcient knowl-
edge of the details of the dynamics of virus–host interac-
tions, the infected rodents show little or no overt disease,
and their ﬁtness does not appear to be impaired to any sig-
niﬁcant extent. It is currently thought that the arenavirus–
rodent host associations observed today are the result of
the co-evolution of parasites and hosts. It has been a long-
standing observation that the geographical range of a host
rodent is usually more extensive than that of its associated
arenavirus. However, it is likely that such apparent discrep-
ancies may be clariﬁed by molecular approaches to host
rodent taxonomy [2,3].
Some members of the arenavirus family are important
causes of viral haemorrhagic fevers when humans become
infected. These include Lassa, Junı´n, Guanarito and Machupo
viruses, which have caused quite large outbreaks, and Sabia´
and Chapare viruses, which are known to have caused disease
in a few cases (including laboratory workers). The geo-
graphical locations where these viruses have been found are
shown in Fig. 1. The haemorrhagic fevers caused by these
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viruses are similar to each other, usually presenting as a non-
speciﬁc illness, with symptoms including fever, headache, diz-
ziness, asthenia, sore throat, pharyngitis, cough, retrosternal
and abdominal pain, and vomiting. In severe cases, facial
oedema, haemorrhagic conjunctivitis, moderate bleeding
(from nose, gums, vagina, etc.) and exanthema frequently
occur. Neurological signs may develop and progress to con-
fusion, convulsion, coma and death. Case fatality rates are in
the 5–20% range for hospitalized cases. By contrast, the type
species lymphocytic choriomeningitis virus causes aseptic
meningitis or meningoencephalitis with an overall case fatality
of <1%, but it has also been associated with haemorrhagic
fever-like infections in organ transplant recipients [4].
Lassa fever was ﬁrst recognized in the 1960s and the caus-
ative arenavirus was isolated in 1969. It is now known to be
present in large areas of both savannah and forest zones of
sub-Saharan west Africa. The principal foci are in the west in
the border regions of Guinea, Sierra Leone and Liberia, and
in the east in Nigeria. The rodent host of Lassa virus is the
multimammate rat Mastomys natalensis. This often-quoted
relationship was recently conﬁrmed, most elegantly, by
simultaneous sequence analysis of both the infecting virus
and the infected rodent, in Guinea [3]. Lassa virus was found
only in M. natalensis, and not in another Mastomys species,
nor in 12 other rodent genera. Mastomys natalensis is a peri-
domestic rodent that infests houses and foodstores. Infection
of humans can occur in the process of catching and prepar-
ing the animals for food, as well as by contact with animal
excreta or contaminated materials. Another arenavirus, simi-
lar to, but not identical with, Lassa virus has recently caused
fatal human infections in South Africa [5].
The arenavirus Junı´n is the causative agent of Argentine
haemorrhagic fever, ﬁrst described in 1955. When ﬁrst
encountered, human cases were limited to an area of
16 000 km2 in the humid pampas in the north of Buenos
Aires province. However, the endemo-epidemic area now
extends to over 150 000 km2, reaching north of Buenos
Aires, south of Santa Fe, southeast of Cordoba, and north-
east of La Pampa provinces. The human population at risk is
estimated to be approximately 5 million. The virus is carried
mainly by the vesper mouse Callomys musculinus, but other
rodents (Callomys laucha and Akodon azarae) have also been
implicated. These rodents mainly infest maize crops, and
most human infections are observed in agricultural workers.
Venezuelan haemorrhagic fever is caused by Guanarito
virus, which is carried by the cane mouse Zygodontomys brev-
icauda. Those individuals who are most affected are male
agricultural workers around the town of Guanarito in Portu-
guesa State and adjacent parts of Barinas State in Venezuela.
The virus was discovered in 1989 and the disease incidence
has exhibited cyclical behaviour with a period of 4–5 years.
Machupo virus is the cause of Bolivian haemorrhagic fever,
which was ﬁrst recognized in 1959 in the remote, sparsely
populated savannah of Beni state, Bolivia. Ecological studies
indicate that the rodent Callomys callosus is the principal ani-
mal reservoir. Agricultural workers comprise those individu-
als who are most at risk, especially in ﬁelds and houses to
which rodents have easy access. There were several local
outbreaks of the disease in the 1960s, but the incidence fell
markedly in the next decade subsequent to the initiation of
rodent control measures.
A small outbreak of viral haemorrhagic disease occurred
in 2003–2004 in Cochabamba, Bolivia, as a result of an are-
navirus that was distinct from Machupo virus, the causative
agent of the previously recognized Bolivian haemorrhagic
fever. It was named Chapare virus. As yet, there is no
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FIG. 1. Geographical locations of arenaviruses
associated with human haemorrhagic fevers.
Map provided by NASA Visible Earth (http://
visibleearth.nasa.gov/).
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information available about the extent of the public health
threat from this virus, nor is there any information concern-
ing the identity of its normal rodent host species.
A single case of haemorrhagic fever caused naturally by
the arenavirus Sabia´ has been described. It occurred in Sabia´
village, near Sa˜o Paulo, Brazil. No natural rodent host has
been identiﬁed. Two laboratory infections due to the virus
have also occurred.
It is evident that arenavirus-caused disease in humans is an
accidental product of their encounters with infected rodents
and their excreta and body ﬂuids. Infection of humans can
occur through contact with rodent excreta or materials con-
taminated with them, or via ingestion of contaminated food.
Direct contact of broken or abraded skin with rodent
excreta is likely to be an important route, and inhalation of
small droplets or particles containing rodent urine or saliva
is also considered to be a signiﬁcant mode of infection. The
nature of these incidental contacts depends on the living pat-
terns and habits of both the rodent carriers and the human
population. Where infected rodents prefer a ﬁeld habitat,
infection is primarily associated with agricultural workers.
Where the rodents infest dwellings and other buildings,
infection occurs in a domestic setting.
Predicted Climate Changes
This discussion is based on the ﬁndings of the Fourth Assess-
ment Report of the Intergovernmental Panel on Climate
Change (IPCC), which appeared in 2007. It is now consid-
ered to be virtually certain that anthropogenic greenhouse
gas (GHG) emission is forcing global warming at a rate quite
without precedent in the Earth’s climate history [6]. The
current rate of warming of approximately 0.2 C per decade
is projected to continue until c. 2030, irrespective of
whether current greenhouse gas emissions continue at their
present rate or whether reductions can be achieved. This
implies that mean surface temperatures in the period 2011–
2030 will be approximately 0.66 C higher than in the period
1980–1999. Further into the future, there is greater uncer-
tainty because of increasing differences among the various
scenarios modelled. These scenarios cover a range of possi-
bilities for the mitigation of (or lack of) greenhouse gas emis-
sions. For a number of plausible scenarios, the best
estimates of the IPCC with respect to the increase in global
mean surface temperature for the period 2090–2099 relative
to the period 1980–1999 are in the range of 1.8–4.0 C. Sur-
face temperature increases on land are predicted to be
approximately twice this global mean (i.e. in the range of
3.6–8 C by the end of this century). On the global scale, it
is predicted that there will be more frequent and more
extreme heat waves, fewer cold periods, and increased and
more intense rainfall in regional tropical precipitation max-
ima. In sub-tropical and mid-latitudes, precipitation will
decrease, although intense rainfall events interspersed with
long periods of drought will become more common. Sea lev-
els will rise by approximately 0.5 m by the end of the cen-
tury. Disturbingly, a more recent scientiﬁc and economic
assessments of the present emission rates and progress in
moving towards their reduction indicates that it is increas-
ingly unlikely that any prospective global agreement can sta-
bilize atmospheric GHGs at 450 p.p.m. or even at 650 p.p.m.
CO2 equivalent [7–11]. Hence, the scenarios proposed by
the IPCC are very likely to signiﬁcantly underestimate the
degree of climate change in the future.
For the purpose of this review, two principal geographical
regions need to be considered. These are the locations
where Lassa fever is currently endemic (i.e. sub-Saharan west
Africa) and the broader region where South American
haemorrhagic fevers are found (i.e. South America). Unfortu-
nately, there are major difﬁculties in moving from global-
scale climate change predictions towards more detailed
descriptions of future outcomes at a regional level. These
are particularly acute in west Africa because of the relatively
sparse data that exist with respect to past and current
weather conditions, the complex nature of the terrain and
the inﬂuence of ocean basins. It is predicted [12] that Africa
as a whole will warm more than the global annual mean
throughout the year. Drier regions will warm more than the
moister tropics. Changes in rainfall in the Sahel, on the Guin-
ean coast and in the southern Sahara in this century remain
very difﬁcult to predict because of shortcomings in the cur-
rent models, which result in systematic errors, disagree-
ments among different climate models and an inability to
simulate correctly 20th century conditions. Key features such
as the frequency and spatial distribution of tropical cyclones
affecting Africa cannot be reliably assessed. Nonetheless, the
frequency of extremely wet seasons is likely to rise mark-
edly, as is also the case in east Africa. The west African coast
and the Gulf of Guinea are considered to be at high risk of
ﬂooding as a result of a rise in sea levels [13].
In South America, the increase in annual surface tempera-
ture will be similar to the global mean [12]. This represents
an increase in the range of 3–4 C by the end of the century.
Systematic differences among different models, together with
large variations in predictions of changes in the amplitude of
El Nin˜o, as well as in the height and sharpness of the Andes
mountains, make assessments on a regional scale over much
of Central and South America very unreliable. Rainfall
changes show that regional differences are likely to occur;
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most models suggest a wetter climate around the Rio de la
Plata but reduced precipitation in parts of northern South
America. Extremes of weather and climate are likely to
occur more frequently. Water stress will increase as a result
of glacier retreat or disappearance in the Andes, leading to
highly adverse effects on agriculture.
Arenaviral Diseases and Climate Change
The main factors that can affect the burden of infectious dis-
eases in humans are (i) changes in abundance, virulence or
transmissibility of infectious agents, (ii) an increase in proba-
bility of exposure of humans and (iii) an increase in the sus-
ceptibility of humans to infection and to the consequences of
infection. A wide range of biological, physicochemical,
behavioural and social drivers can inﬂuence one or more of
these factors [14]. In particular, alterations in the environ-
ment, brought about by currently predicted climate changes,
clearly have the potential to affect, to a greater or lesser
extent, all three of these factors. We need to consider the
possible effects of climate changes within the currently
known endemic areas of each arenavirus disease, and also
the extent to which such changes may inﬂuence the transfer
and persistence of arenavirus diseases to hitherto unaffected
regions. However, it must be appreciated that the reliability
of any such predictions is quite low, not only because of the
relatively coarse scale of the available climate change predic-
tions, but also because of our lack of reliable data on the
current incidence of these diseases. This applies particularly
to the prevalence of Lassa fever and other possible arenavi-
rus diseases in Africa.
When we examine how these factors could affect arenavi-
rus-caused disease, all three are likely to exert signiﬁcant
inﬂuence. In the ﬁrst category, there are likely to be changes
in the abundance of arenaviruses, in the sense that the reser-
voir host rodent populations are likely to be affected one
way or another by changes in climate. Thus, prolonged
drought in a particular region may lead to a reduction in
population size, whereas increased seasonal rain may lead to
a population explosion. Such events have been observed for
other rodent-borne zoonoses, as documented in the IPCC
Report [15]. In the case of another rodent-borne virus dis-
ease, hantavirus pulmonary syndrome (HPS), there is evi-
dence that El Nin˜o Southern Oscillation-induced increases in
rainfall in the Four Corners region of the south-western
USA led to increases in the population of the rodent reser-
voir Peromyscus maniculatus and the subsequent emergence
of the disease in the human population [16]. There may be a
similar explanation for the emergence of HPS in Panama in
2000, subsequent to increases in the peri-domestic rodent
population after heavy rainfall and ﬂooding in the surround-
ing areas [17].
In west Africa, a recent detailed study [18] of the distribu-
tion of human Lassa fever outbreaks and cases in the period
1951–1989 revealed that areas of medium risk had an annual
rainfall in the range of 1200–1500 mm, whereas rainfall in the
range of 1500–3000 mm was associated with a high risk of
disease. Regions with <1200 mm (or more than 3000 mm) of
rainfall had no recorded occurrence of Lassa fever. Rainfall
thus appears to be a major risk factor in the incidence of
Lassa fever. These data also clearly imply that modiﬁcations in
precipitation quantity and geographical distribution brought
about by climate change are very likely to lead to concomi-
tant changes in the burden and geographical distribution of
Lassa fever. In Venezuela, Bolivia and Argentina, climate
change may lead to changes in agricultural land use, with relo-
calization of crop-growing areas that are becoming unsuitable
for agricultural use to others with more favourable climates.
Where arenaviral diseases are carried by rodents infesting
crops, as is the case with Venezuelan, Bolivian and Argentine
haemorrhagic fevers, there will be corresponding changes in
the geographical location of rodents and thus disease.
It is unlikely that changes in virus virulence will result
directly from climatic changes, although it is conceivable that
virus transmissibility could be inﬂuenced. Arenaviruses are
enveloped viruses that are not particularly robust when
exposed to high temperatures or low humidity. Thus, some
climatic factors may be expected to inﬂuence the survival of
the viruses in the environment, either negatively or positively.
This kind of effect may underlie the dependence of Lassa fever
distribution in west Africa on rainfall, as noted above [18].
It is very likely that, in some environments, climate change
will increase the probability of human exposure to arenavirus
infections, whereas, in others, it will decrease the probability.
Such effects are likely to be mediated through changes in the
probability of encounters with reservoir rodents and contact
with their excreta or contaminated materials. We can envis-
age the direct effects of climate on the size and behaviour of
virus-carrying rodent populations, as discussed above, as well
as on the human populations themselves, through changing
land use (e.g. irrigation) triggered by increasing temperatures,
ﬂuctuating weather conditions and the resultant disturbance
of local landscapes. Climate change is likely to lead to mass
migration and movement of populations, with consequent
stresses associated with inadequate shelter and overcrowd-
ing. Such considerations are likely to be more signiﬁcant with
respect to Lassa fever compared with the South American
arenaviral haemorrhagic fevers as a result of the much larger
human population in the endemic areas. As well as possible
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changes in areas favourable for food production, ﬂooding
along the west African coast as a result of storm surges and
a rise in sea levels could drive large-scale population move-
ments in the area. It has been projected that the 500 km of
coast between Accra and the Niger delta will be a continu-
ous urban megalopolis of some 50 million people by 2020
[13,19]. It has already been demonstrated that Lassa fever
can be a signiﬁcant risk in refugee camps in Guinea [20,21].
There is an increased risk in areas where there are higher
numbers of infected rodents [21], as well as in areas with
poor-quality housing and in households with reduced levels
of hygiene [20]. Thus, populations driven onto higher ground
by coastal ﬂooding may be at increased risk of Lassa fever
(among other diseases) unless sufﬁciently adequate housing
and rodent control measures can be provided. It should be
noted that rodent control is the key measure in any pro-
gramme to mitigate arenavirus disease in humans. However,
authorities in the Lassa fever endemic regions, which include
some of the most under-developed countries in the world,
do not have an impressive track record with respect to
mounting effective healthcare or disease prevention
programmes.
Finally, it is possible that predicted climate change may
lead to the more frequent transfer of arenavirus-infected
patients to regions of the world without any experience of
these diseases. Although natural rodent vectors almost cer-
tainly will be absent, it is important that infected individuals
are swiftly recognized and diagnosed so that further trans-
mission during patient care can be avoided. This can readily
be achieved through careful barrier nursing techniques,
although the fear engendered by viral haemorrhagic fevers,
including those caused by arenaviruses, can place a heavy
burden on hospital systems. It would be prudent if such con-
siderations were included in healthcare planning to meet the
challenges of global climate change.
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